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I. Observational Results 
In the course of the past year a vigorous observing 
program has been initiated on sunspot photoelectric line pro- 
files for some of the major Fraunhofer lines such as H-alpha, 
Na D2 and CaI 14227 .  
our scan collection'' infrared recordings of the HeIh10,830 
line with our new infrared photomultiplier. 
Particular attention was paid to the big spot groups 
Recently we have been able to add to 
I '  
which developed October 1 8 ~ 2 6  and reappeared in the latter 
half of November. On both occasions, pressure scans of these 
lines were made for selected spots with the echelle alone at 
a resolution of 0.10 - 0.15 A. Since the theoretical inter- 
ests center on the precise shape of the broad line wings this 
resolution appeared accurate enough. 
During these recordings a whole new realm of e;xper- 
ience has opened up with our instrument and we have felt greatly 
encouraged by our results to have confidence in our new scan 
technique. While originally our intention by scanning the 
profiles of the broad major Fraunhofer lines was merely to 
gain experience in operational procedures with our instrument;, 
we have become increasingly aware of the fact that virtually 
no photoelectric recordings of line profiles exist of _any_ 
sunspot lines, although a few such recordings do exist for 
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disk liizes (Pierce 1954, David 1961). All work on sunspot 
line profiles has hitherto concentrated exclusively on photo- 
graphic methods. Such techniques are very seriously hampered 
by the fundamental problem of eliminating scattered photo- 
spheric light caused by inadequate guiding of the telescope 
and seeing fluctuations. 
Many ingenious reduction techniques have evolved to 
solve this photographic problem. According to Zwaan's thorough 
critique of these procedures none are truly satisfactory (Zwqan 
1965a). It thus appears quite desirable to evolve a new tech- 
nique of intensity recording to calibrate the best photographic 
results and if possible to improve upon them. We believe that 
during this past year the development of our particular instru- 
mental combination and operational procedure has led to such 
a new technique 
The observational procedure that we have adopted on 
the basis of our experiences this fall is briefly as follows: 
from the observed size of the spot, using the area-temperature 
relation of Elste (Elste 1967) we calculate the expected con- 
tinuum intensity ratio of the spot and the photosphere as a 
function of wavelength and position on the disk at the time 
of observation (see Figures 2, 3 and 4 ) .  This intensity ratio 
serves as a rough quality criterion for the guiding accuracy 
on the spot and the seeing fluctuations. For a given wave- 
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length we record in both continuum and line channels first the 
dark current, then the intensity of  the solar disk center and 
finally the spot intensity with pulsecounting integration 
times of 0 . 8  seconds and print-out on paper tape. Typically 
some 50 "time channels", each of 0 . 8  seconds duration will be 
printed out. 
the effects of photospheric bight contamination caused by im- 
proper guiding and seeing fluctuations, but a few will show 
count rates near the expected value from the predicted spot- 
disk continuum intensity ratios. 
accept as representative spot line profile samplings with min- 
imal photospheric light contamination. Typically at H-alpha 
Most of these spot continuum samplings will show 
These "time channels" we 
we have had ratios of 0.29  - 0 .28  as the acceptance criterion 
for spots 12-15 seconds of arc in umbral diameters. Further 
umbral continuum observations on larger spots (20'' umbral 
diameter) gives values in the blue and yellow spectral regions 
in good agreement with the careful photographic observations 
of Wittman and Schroter (1969). 
11 
The great advantage of this photoelectric recording 
technique is that one at any stage can interrupt the pulse 
count recordings and wait for moments of good seeing to re- 
11 cord some clean" spot samplings, while in conventional photog- 
raphy one has had to record continuously and accept good and 
, 
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bad seeing moments intermixed. Our observations were done 
under generally poor seeing conditions. 
carrying out spectroscopically what Bray and Loughhead have 
been doing in white light photography of sunspots, where they 
trigger exposures by a seeing monitor. In fact they suggest 
building up exposures of photographic spectrograms by inter- 
In effect we are 
mittent exposures in the same way (Bray and Loughhead 1965) 
that we are doing photoelectrically. Our integration times 
are a little long, 0.8 seconds, but gating our pulsecounters 
for 0.1 second integration times we do not observe our rela- 
tive spot count ratios to go further down. We believe from 
the recent study by Brandt (1969) that our present integration 
times are short enough to freeze image motion acceptably. 
Having evolved a technique which we feel significantly 
reduces the scattered light levels in the blurring effect of 
the photosphere, there remains the effects of scattered light 
in the instrument and in the terrestrial atmosphere. We have 
in the operational sequence of measurements for a given wave- 
length included also measurements of the sky brightness at 
various distances outside of the solar limb. We have been 
agreeably surprised at the low levels of total scattered light 
(instrumental and atmospheric) that we record. 
clear day these sources of light scattering amount to one per- 
cent or less at a distance of 30 seconds of arc from the solar 
On an average 
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limb (see Figure 1). We have adopted the rule of thumb of 
Zwaan (1965b) based on the theoretical work of David and Elste 
(1962) to multiply by a factor of 4 the count rate lminute of 
arc outside the solar limb, to arrive at the scattered light 
level on the solar disk center. By recording the scattered 
light both in the continuum channel and the line channel over 
all wavelengths in the scanned profile, we have ascertained 
that the sky scattered light is photospheric in origin, judg- 
ing from the deep central intensity of H-alpha in the scattered 
light profile, 
We thus believe on the basis of our observatioaal 
experience this fall and winter that our new observational 
technique will yield sunspot line p afiles accurate to a few 
percent. Some sample scans are shown in Figures 5, 6 and 7 
together with theoretical profiles calculated by our new 
post-doctoral research fellow, Dr. Hong-Sik Yun. The signif- 
icance of these will be described in the next section, but 
we note here in Figure 10 the good agreement in the NaD2 line 
profile between our photoelectric Observations and the photo- 
graphic ones by Baranovsky and Stepanov (1959) for a similar 
sized spot. 
The infrared line observations have centered on the 
neutral helium line at h10,830. Two line profiles are repro- 
duced in Figure 8. There is an apparent enhancement in the 
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line strength over the umbra as compared to the disk, which is 
contrary to the expectations on the basis of a cooler umbral 
chromosphere. We have suspected plage contamination overlying 
these particular spot umbrae. However, none show up overlying 
these umbrae in H-alpha photography, kindly sent us by Dr. 
Howard of the Hale Observatories. At the suggestion of Dr. 
Zirin, to whom we forwarded these results, we contacted in May, 
Dr. Malbia, in charge of the field station in Switzerland for 
the Oxford solar spectral scanner. 
June 6 of the He1 10,830 bine, which also shows a strengthening 
over the spot umbra, On the other hand in extensive discussions 
with D r s ,  Harvey and Hull at the recent IAU meeting in Brighton, 
they report that their KItt Peak 10,830 spectroheliograms do 
- not show enhanced absorption over spot umbra. Obviously, more 
observations are needed - and are merited - in view of the 
important consequences for the physics of the umbral chromo- 
sphere. If our observed strengthening of the line is conclus- 
ively verified, this could be interpreted as an effect of pref- 
erential energy dumping in the umbral chromosphere by hydro- 
magnetic mechanisms, which are enhanced by the strong magqetic 
fields in the umbra. 
He kindly made a scan on 
Other circumstantial evidence for umbral chromosphere 
heating lie in the observations that tho H-alpha line core does 
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not disappear over spot umbrae (see Figure 5) and our recent 
observations that the umbral residual central intensity of the 
NaD2 line is slightly lower than in the disk (about 3% as against 
5%). 
Finally, in this section, we would like to point out 
that our photoelectric recording technique in principle should 
enable us to build up also penumbral line profiles which are pf 
great interest to study with model atmosphere calculations. The 
selection criterion for the appropriate time channels would thee 
be increased to a value of 0.7 - 0.8 in the continuum intensity 
ratio of spot to disk. While our present umbral line profiles 
carry information on the temperature and pressure gradients 
along the magnetic field radially outward, the penumbral line 
profiles probe the atmospheric conditions where the field lines 
are almost tangential to the solar surface. It is to be expected 
there that a magnetic pressure component will enter in and modify 
the hydrostatic pressure gradients of the penumbral atmosphere. 
Thus a study of penumbral line profiles is of the greatest 
theoretical interest and we hope to pursue this in the coming 
research period. 
PI. 
Yun extended the atmospheres of his magnetostatic 
models of sunspots (1968) up to a monochromatic optical deptb 
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at 5000A, T0=10==3s using the scaled empirical solar T-TO relation 
proposed by Krishna Swamy (1967) .  
static theory of sunspots by Schluter and Temesvary (1958) tq 
calculate the strength of the magnetic field on the axis of 
symetry for these spots. In the calculations the chemical 
compositions and the surface gravity in the spots were taken 
to be identical to those of the normal photosphere. In copput- 
ing these models four values of effective temperature czorree- 
ponding to 4000, 4400, 4600 and 5000°K were considered. 
Also  he applied the magneto- 
I t  
Assuming the condition of local thermodynamic equilibrium, 
Yun computed monochromatic emergent intensity of these spots as 
a function of p (IJ.=COS$, where 0 is the heliocentric angle). In 
order to investigate the limb darkening laws for these spots, 
the computed intensity IA(p) of each spot was normalized by 
that of the normal photosphere I:(l) at the disk center. In 
particular, the intensity ratio, IA(p)/I;(l) computed at the 
following selected wavelengths, 4230A, 5900A and 6560A are praL- 
sented in Figures 2,  3 and 4 (where the expected size of the 
umbra of each average observed spot is indicated beside its 
corresponding effective temperature). The expected umbral 
size of the average observed spots was obtained from the statiq- 
tical relation between the effective temperature and the umbral 
%c 
* 
area given by Elste (1967) .  
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As can be seen from the figues, the intensity ratio 
2k 
Ih(p.)/IT(l) is quite sensitive to the effective temperature of 
the spots. I$ is, therefore, an important quantity in deter- 
mining the effective temperature of sunspots from observations. 
kith the aid of our present pressure scanner, Wyller and Fay 
carried out sunspot observations at the Flower and Cook Obser- 
vatory of the University of Pennsylvania. 
spots (i.eo, the umbral diameter is less than about 10 seconds 
of arc) were observed during the months of January and February. 
The measured intensity ratios for these spots are plotted in 
Figs. 2, 3 and 4 (see open circle and triangle). It is inter- 
esting to note that the temperature determined from the inten- 
sity measurements agrees well with the estimated temperature 
from the size of the umbra gi'ven by Elste's statistical relation 
(between the effective temperature and the umbral area). 
Three small sized 
Yun further extended his investigation of sunspots by 
studying spectral line formation in the spots. He computed 
profiles of strong lines such as H,, NaI D2, CaI 4227 and MgI 
5184, utilizing his sunspot models. In his calculation it was 
assumed that the lines are formed by pure absorption except 
in the immediate neighborhood of the line center. In computing 
profiles, radiation damping and collisional damping were con- 
sidered. For the calculation of the collisional damping coqetant 
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the collisions of the radiating atom with neutral hydrogen 
atoms, neutral helium atoms and electrons were taken into 
account. In particular, when the profile of H, was computed, 
the Stark effect caused by collisions with ions and electrons 
and resonance broadening were included. 
of Stark broadening of hydrogen. 
Yun used Griem's theory 
The addition of combined 
Doppler, natural, collisional broadening to Stark broadening 
has been done by a convolution of the two types of the profiles. 
The abundance sf the elements considered in the present calcu- 
lation were taken from the solar abundance by Goldberg, Muller 
and Aller (1960). 
CaI 4227 are shown in Figs. 4 ,  5 and 6 respectively, and they 
are compared with the profiles observed by Wyller and Fay. 
The result of the comparison shows that the agreement between 
the observed and computed profiles is fairly good, indicating 
that the umbral atmospheres can be well explained by a model 
atmosphere in radiative equilibrium for the small sized sunspots. 
The present preliminary investigation seems to support the 
supposition of the hydrostatic equilibrium in the umbra of 
spots, noting that Yun's models (i.ee, umbral models) have 
been constructed on the basis of the hydrostatic equilibrium. 
The validity of the hydrostatic equilibrium in sunspot umbra 
is still in debate among investigators, 
The computed profiles of E, NaI D2 and 
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An even more extensive study has been made by looking 
into the center-to-limb variation of the umbral continuous 
intensity as well as the profile of the strong Na D2 line. 
To our surprise, for barge sunspots, a considerable disagreement 
has been found between the observed and calculated profiles 
based on a radiative equilibrium sunspot model as shown in 
Figure lob. In addition, the umbral continuum intensity f o r  
the large spot relative to that of the normal adjacent photo- 
sphere is shown to increase with the heliocentric angle, 8 ,  
as a l s o  found by other workers such as Rodberg (1966), Mattig 
(1969) and Wittmann and Schroter (1969) from their photographic 
Observations 
11 
1 1  
An attempt, therefore, has been made to derive a new 
relationship between temperature T and optical depth To  at 
5000A, which can reproduce the recent observations of the center- 
to-limb variation of the umbral intensity as closely as possible. 
The present investigation employs the infrared observations of 
Wittmann and SchrEter (1969) along with our own observations 
to calculate the temperature distributiQn of a large umbra, 
assuming the condition of local thermodynamic equilibrium (LTE). 
Since limb darkening observations cannot yield reliable informa- 
tion on the temperature structure at optical depths larger than 
unity, the present study utilizes Yun's internal model (1968) 
-12- 
to represent such deep regions of the atmospheres. Table I 
presents the resulting temperature distribution as a function 
of optical depth To.  Making use of the new T - T o  relation 
the gas pressure, P is calculated, assuming that the umbra 
is in hydrostatic equilibrium. 
g 
This empirical T - To relation 
is compared with other proposed empirical models of umbrae 
(e.g., Makita (19631, Zwaan (1965), Branch (1969), Henoux (1969) 
and Wittmann and Schroter (1969)) in Figure loa. 
11 
Our proposed model predicts not only the recent limb 
darkening observations in various wavelength regions but also 
the profile of the violet wing of the Na D2 line observed in 
the spectrum of our large sunspot (Auz1;lOO). The results are 
demonstrated in Figure 9 and Figure lob, where the profile of 
Ma D2 line and the emergent intensities have been computed under 
the assumption of LTE with H9 H- and electron scattering being 
the source of continuous opacity. 
9 that the scaled solar model of Teff=40000K and the mOdels 
derived by Makita (1963) and Zwaan (1965) (which are basically 
radiative equilibrium models) fail to show any "limb-brighten- 
It is noticeable from Figure 
* 
ing" effect. The agreement between the computed value of our 
model and Henom's measurement (1968) near 16000A shows that 
there is a steep rise in temperature gradient in greater depths 
(To,) 1) as found in our proposed model. 
Table I. A New Empirical Umbral Model (& -100) .I 
~ - -- - ,  
-3 .0  3360 3.85 7 .40 (  - 3 )  4 . 3 6 ( - 2 )  
-2 .8  3375 3.96 8.96(  - 3 )  5 . 4 1 ( - 2 )  
-2 .6 3390 4 .06  1 . 0 9 (  - 2 )  6 . 7 2 ( - 2 )  
-2 .4  3410 4.17 1 . 3 3 ( - 2 )  8 .45 ( - 2 )  
-2 .2  346'9. 4 .28  1 . 6 5 ( - 2 )  1 . 1 3 (  -1) 
- 2 . 0  
-1.8 
-1 .6  
-1.4 
-1 .2  
-1. (E 
-0 .8  
-0 .6  
- 0 . 4  
-0 .2 
0 .0 
0 .2  
0 . 4  
0 . 6  
0 . 8  
1 . 0  
3579 
3680 
3770 
3840 
3900 
3950 
3980 
4010 
405 1 
4109 
4150 
4221 
4405 
4750 
5160 
5700 
4 .39  
4 .50  
4 .60  
4 .70  
4 .80  
4.91 
5 . 0 1  
5 .12  
5 .23  
5 . 3 4  
5 .45  
5 .56  
5 .66  
5 . 7 6  
5 .85  
5 .93  
2 .12(  - 2 )  
2 . 7 1 ( - 2 )  
3 .43(  - 2 )  
4 , 2 7 (  - 2 )  
5 . 2 9 ( - 2 )  
6 .49 (  - 2 )  
7 . 8 5 (  - 2 )  
9 . 5 3 ( - 2 )  
1 .17 (  -1) 
1 .45 (  -1) 
1 . 7 7 ( - 1 )  
2 . 2 2 ( - 1 )  
2 . 9 9 ( - 1 )  
4 .27 (  -1) 
5.79  ( -1) 
8 . 2 9 ( - 1 )  
1 . 7 1 (  -1) 
2 .50 (  -1) 
3.56(  -1) 
4 . 8 5 ( - 1 )  
6 .46(  . 1) 
8 . 4 1 ( - 1 )  
1 .05  
1 .'33 
1.70 
2.26 
2 .89  
3 .90  
6.36 
1 .26 (+1 ) ,  
2 .43(+1)  
5 .20(+1)  
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The atmosphere of large umbrae consist of two distinctly 
different regions, one upper region with extremely small tempera- 
ture gradient (almost isothermal) in the range of 0.04 5 7 0 4  < 1 
and a deeper zone beyond ~~z 1 with fairly high temperature 
gradient. 
be well established with acceptance of the assumption of hydro- 
static equilibrium. 
perature gradient with consequent departure from radiative 
equilibrium may be attributed to heating created by the lateral 
influx of radiation into the umbra from the penumbra and the 
normal photosphere as discussed by Zwaan (1965) and Fullerton 
and Elste (1969). 
The departure from radiative equilibrium appears to 
The existence of the extremely small tem- 
1x1 0 
a) Microwave Discharge Tubes 
Since our instrument can achieve a resolution of 0.01A, 
we need precise laboratory wavelength standards of each spectral 
line of each element we observe in the solar spectrum. The 
standard wavelength sources must have very narrow spectral lines 
hence the need of the temperature of the atoms emitting be less 
than 1000°K. Also since our instrument is a scanner the source 
must emit a constant intensity for throughout the measurement. 
This may last for several hours. 
-14- 
Microwave discharge tubes are ideally suited for this 
application, and we have constructed an apparatus for making 
them. We use the method of Corliss, Bozman and Westfall (1953) 
to manufacture the tubes, using helium as the buffer gas. In 
addition to the helium tubes we have successfully made tubes 
containing helium plus trace amounts of the following substances: 
(1) hydrogen (2) lithium ( 3 )  sodium ( 4 )  magnesium (5) calcium 
( 6 )  mercury and ( 7 )  iron. 
slowly with the quartz walls of the tubes when the tubes were 
at operating temperature 800°K. 
and made them unstable in their light output. 
mented with the metal halides, e.g. LiC1, LiBr, Ca12 etc. 
want to find the compounds that give the purest spectra of the 
metal, and the longest lifetime and stability of the tubes. 
We found that the pure metals reacted 
This shortened their lifetime 
We also experi- 
We 
We use our instrument to monitor the light output 
from one of the discharge tubes in the wavelength of the metal 
line of interest. We have found that the LiBr, Mg and Ca tubes 
do not give a stable light output with time, and this is due 
to reactions of these metals with the walls of the chamber. 
b) Solar Magnetometer 
We have begun testing the magnetic analyzer that was 
constructed during the last six-month period. We placed the 
KDP crystal between the entrance pinhole and the collimating 
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mirror, but outside the pressure chamber. Following the KDP 
crystal is a Glan Thompson prism. 
Glan Thompson prism can be rotated by 360' independently. 
at the same time a voltage of up to_+3000 volts can be applied 
to the KIDP crystal. The quarter-wave voltage of this crystal, 
purchased from ISOMET, is 2000 volts at 5000A. We can vary the 
voltage anywhere within the A3000 volts range within a fraction 
of a second. The transmission of the KDP crystal plus the Glan 
Thompson prism for unpolarized light is about 25%. 
The KDP crystal and the 
Also 
When we switch the quarter-wave voltage to the KDP 
crystal from positive to negative polarity we can measure the 
difference between the right and left-hand circularly polarized 
components at a given wavelength. We have done this in the 
violet wing of the iron 5250.2 line in the solar spectrum ob- 
taining 12% intensity difference in the umbral center's spec- 
trum and lees than 1% in the normal photosphere. 
compare favorably with those of Livingston (1962). 
the Fe 5250.2 line for the initial tests because the polariza- 
These results 
We chose 
tion produced by the atoms radiating this line is insensitive 
to the field strength provided it exceeds 1000 gauss. 
so except for the smallest umbral center. 
amount of polarization measured in 5250.2 should not change 
with spot size and/or field strength, and results obtained with 
This is 
Thus results on the 
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different instruments at different times on different spots can 
be more easily compared. 
One difficulty we found is that the 60A monitar gave 
a high level of instrumental polarization. This monitor i s  
used to correct for changes in instrumental polarization or 
light intensity which might be otherwise interpreted as a mag- 
netic field change. We think that the instrumental polarization 
arises in the curved surface of 1P21 photocell used to monitor 
this 60A region of the continuum. 
measurement of the normal photosphere to spot, this does not 
make the test results incorrect, but it would increase the 
error in measuring small magnetic fields as for example in the 
spot penumbra or for certain bright stars. 
Since we make a difference 
We are constructing a light chopper at present that 
we hope will overcome this difficulty by letting the 60A wide 
beam and the high resolution beam view the same photocell. The 
light beams are chopped 20 times a second. In this way the 
effects of instrumental polarization due to the photocell will 
be the same for both the high resolution and the 60A wide beam. 
We will then use the photocell with the lowest level of instru- 
mental polarization to make the measurement. 
During the summer several tests on instrumental light 
scattering were undertaken with Mr. K. Czaja, an undergraduate 
-17- 
from Columbia University, under the NSF Undergraduate Research 
Participation Program. 
mirrors were constructed and tested out, new primary mirrors 
were used, none of which significantly reduced the observed 
scattered light levels. We take this to indicate that our 
low scattered Bight levels are close to optimal and that a 
significant fraction thereof is atmospheric in origin. As 
mentioned in earlier reports, our scattered light readings 
lie consistently at 0.7% of the disk intensity 1 minute of 
arc outside the solar limb. This already compares favorably 
with the experience of Kneer and Mattig (1968) at Capri, who 
quote mean values of 1.4% and Wittman and Schroter's (1968) 
results, which implies values of the order of 1% for the 
Sacramento Peak Observatory. 
A variety of baffles and occulting 
I 1  
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T. Fay and A. Wyller: 
tion Single Interferometer Echelle Scanner", presented by 
Fay at 132 meeting of the American Astromonical Society 
held in Boulder, Colorado, June 8-11, 1970. 
T. Fay, A.A. Wyller, H. Yun: 
Sunspot Umbrae", presented by Yun at 132 meeting of the 
American Astronomical Society in Boulder, Colorado, 
June 8-11, 1970. 
T. Fay and A. Wyller:: "A Pressure Scanning Fabry-Perot 
Spectrometer", presented by Wyller in Commission 9 
(Instrumentation) at the Fourteenth General Assembly of 
the International Astronomical Union held in Brighton, 
England, August 18-29, 1970. 
T. Fay and A. Wyller: "Photoelectric Line Profiles in 
Sunspot Spectra", presented by Wyller in Commission 12 
(Solar Radiation) at the Fourteenth General Assembly of 
the International Astronomical Union, Brighton, England, 
August 18-27, 1970. 
T. Fay, R. Hilliard and A. Wyller: "Photoelectric Obser- 
vations of Stellar Line Profiles", presented by Wyller in 
Commission 29 (Stellar Spectra) at the Fourteenth General, 
Assembly of the International Astronomical Union, Brighton, 
England, August 18-27, 1970. 
"URSIES, an Ultravariable Resolu- 
"A Study of Strong Lines in 
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6 .  T. Fay and A. Wyller: "A Pressure Scanning Fabry-Perot 
Magnetometerff9 presented by Wyller at IAU Symposium No. 43 
on Solar Magnetic Fields held in Paris, France'August 31 - 
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Figure 9 Observed and computed center-to-limb variatims of 
* 
the intensity ratio 4,(u) = IA(~)/If(~). 
solid lines in Figures a, b and c refer to the 
computed intensity ratio as each specified wave- 
length based on the new empirical model (i.e. YN - 
Yun's model). 
the calculation are MT - Makita (19631, ZW - 
Zwaan (19651, HX - Henous (1969), WS - Wittmqnn 
and Schrgter (1969) and S40 - Scaled solar model 
of Tzff- 4000'K. 
The 
Other umbral models considered in 
Figure 10a T - 7 relations of different empirical umbral 
models. BR refers to Branch's model (1969). The 
symbols representing other umbral models are the 
same as in Figure 1. 
Figure 10b Observed and computed profiles of Na I D lines. 2 
The observed profiles are given by Baranovsky and 
Stepanov (1959) (0 ) .  Henoux (1969) ( A )  and by 
Fay and Wyller (1970) (e for the umbra and x for 
the normal photosphere). 
from a solar model atmosphere by Gingerich (1970) 
and four different empirical umbral models are 
given (see Figure 1 for the symbols representing 
the umbral models). 
The computed profiles 
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